People living with HIV (PLWH) residing in rural areas experience substantial barriers to HIV care, which may contribute to poor HIV health outcomes, including retention in HIV care and viral suppression. The Health Resources and Services Administration's Ryan White HIV/ AIDS Program (HRSA RWHAP) is an important source of HIV medical care and support services in rural areas. The purpose of this analysis was to (1) assess the reach of the RWHAP in rural areas of the United States, (2) compare the characteristics and funded services of RWHAP provider organizations in rural and non-rural areas, and (3) compare the characteristics and clinical outcomes of RWHAP clients accessing medical care and support services in rural and non-rural areas.
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Introduction
Nearly one in five Americans live in rural areas of the United States [1] . People who live in rural areas are more likely to be older, poorer, and sicker compared to people living in nonrural areas [2, 3] . Life expectancy also decreases as rurality increases [4] . The provision of healthcare in rural areas is key to addressing the health disparities between rural and non-rural residents of the United States. However, healthcare in rural areas is limited due to comparatively fewer primary healthcare providers, specialists, and dentists [3, 5, 6] . In addition, rural residents often live farther from healthcare providers and service delivery sites than non-rural residents; therefore, transportation to medical facilities and providers is an important barrier to healthcare access [6, 7] .
Of the approximately one million people living with diagnosed HIV (PLWH) in the United States in 2017, more than 54,500 (5.9%) reside in rural areas, the majority of whom live in the South (65.2%) [8] . Similar to the demographic profile of all rural residents, PLWH in rural areas are older and more likely to be White that PLWH in non-rural areas. PLWH living in rural areas experience substantial barriers to HIV care, including transportation and long distances to care, provider discrimination and stigma, concerns about confidentiality, lack of health care coverage, and limited healthcare options [9] . These barriers may contribute to delays in HIV testing among rural PLWH and some evidence suggests that rural PLWH are less likely to be retained in care, adhere to antiretroviral medication, and reach viral suppression than PLWH living in non-rural areas [10] [11] [12] [13] [14] [15] . Retention in care and viral suppression are key steps along the HIV care continuum; PLWH who are retained in care are more likely to achieve viral suppression, and viral suppression is associated with improved health outcomes [16] [17] [18] . PLWH who are unaware of their HIV status or are aware of their status but are not actively engaged in HIV care are more likely to transmit HIV than PLWH who are aware of their HIV status and virally suppressed [19] .
Given that healthcare options for PLWH in rural areas may be limited, the Health Resources and Services Administration's (HRSA) Ryan White HIV/AIDS Program (RWHAP) may be a key component in addressing the healthcare and support services needs of PLWH in rural communities. The RWHAP provides a comprehensive system of HIV primary medical care, medication, and essential support services to more than half a million low-income PLWH each year [20] . RWHAP funds are primarily distributed to grant recipients based on the geographic distribution of PLWH; because the majority of PLWH live in non-rural areas, the majority of RWHAP funding is distributed to grant recipients and subrecipients in nonrural areas. However, the RWHAP is still an important source of HIV medical care and support services in rural areas, particularly through funding to states (RWHAP Part B grants) and local community based organizations (Part C grants).
RWHAP grant recipients, rather than the HRSA HIV/AIDS Bureau (HAB), identifies the service categories that they will deliver to PLWH based on local epidemiologic trends, consumer engagement, and workforce and infrastructure availability. In rural areas of the United States, injection drug use is a major driver of HIV transmission, and rural counties have been identified as most vulnerable to the rapid spread of HIV and hepatitis C (HCV) [8, 21, 22] . Recent outbreaks of HIV and HCV driven by injection opioid use in rural areas suggest that the current U.S. opioid epidemic has the potential to drastically impact the HIV and healthcare environment in many rural communities [23] [24] [25] [26] [27] . Therefore, the presence of RWHAP service providers in rural areas at high risk for HIV and HCV outbreaks is crucial to meeting the needs and improving health outcomes for PLWH in rural areas.
The purpose of this analysis was to (1) assess the reach of the RWHAP in rural areas of the United States, (2) compare the characteristics and funded services of RWHAP provider organizations in rural and non-rural areas, and (3) compare the characteristics and clinical outcomes of RWHAP clients accessing medical care and support services in rural and non-rural areas.
Methods

RWHAP overview
The RWHAP has five statutorily defined Parts that provide funding for medical and support services, technical assistance, clinical training, and the development of innovative models of care to meet the needs of different communities and populations affected by HIV. The HRSA RWHAP Part A program provides funding to Eligible Metropolitan Areas and Transitional Grant Areas that are most severely affected by the HIV epidemic. The HRSA RWHAP Part B program provides funding to all 50 states, the District of Columbia, Puerto Rico, the U.S. Virgin Islands, and six U. S. Pacific Jurisdictions. The HRSA RWHAP Part B program also awards and administers funding for the AIDS Drug Assistance Program (ADAP) to fund medication and insurance assistance. The HRSA RWHAP Part C program provides funding to local community-based organizations, community health centers, health departments, academic medical centers, and hospitals in the United States, while the Part D program provides funding to support services for low-income women, infants, children, and youth living with HIV and their affected family members.
The Part F program, the fifth statutorily defined Part of the RWHAP, includes the AIDS Education & Training Centers, Special Projects of National Significance, and dental programs.
Data source
Data for this analysis were abstracted from the 2017 RWHAP Services Report (RSR). The RSR data set is HRSA HAB's primary source of annual, client-level RWHAP data used to assess the numbers and demographics of clients receiving services, as well as their HIV-related outcomes. Each year, RWHAP Parts A-D grant recipients and subrecipients receive funds to provide core medical or support services and are required to submit data to HRSA; RWHAP Part F data are collected through other mechanisms and are not included within this analysis. Deidentified client-level RSR data are submitted by more than 2,000 grant recipients and subrecipients in the United States including the 50 states, the District of Columbia, and three territories (Guam, Puerto Rico, and the U.S. Virgin Islands) [20] .
The RWHAP defines "provider" as an organization that is funded to deliver services under specific, statutorily-defined service categories. Therefore, a provider is not a specific individual who delivers services, but, rather, the broader organization funded by the RWHAP to deliver services. This analysis includes all RWHAP provider organizations, regardless of the service categories for which they are funded (i.e., this analysis includes organizations funded to deliver core medical services and support services).
This analysis used two sections of the RSR: the provider report, and the client-level data report for all funded providers and clients served by the RWHAP Parts A, B, C, and D during the 2017 calendar year. The provider report includes basic information about RWHAP providers and the services delivered by the provider under RWHAP contracts. The client-level data report includes information on client demographics, service utilization, and HIV-related clinical outcomes. Data collection through RSR and other RWHAP data sources is a routine program activity and the data are used for program monitoring, improvement, evaluation, and policy purposes only. Therefore it is not human subject research and does not require IRB review and approval.
Defining rural provider organizations and clients
HRSA's Federal Office of Rural Health Policy (FORHP) classifies all non-Metro counties, as defined by the Office of Management and Budget, as rural [28] . In addition, HRSA FORHP uses Rural-Urban Commuting Area (RUCA) codes to identify other rural areas; any census tract within metropolitan counties having RUCA codes 4-10 and 132 large area census tracts having RUCA codes 2 or 3 are defined as "rural" [28] . The subset of "rural" areas that comprise 132 large census tracts with RUCA codes 2 or 3 are further defined as "metro-rural." To identify areas with a combination of low population size and high geographic remoteness, we used the U.S. Department of Agriculture (USDA) frontier and remote (FAR) area codes, which are defined in relation to the time it takes to travel by car to the edges of nearby urban areas [29] . While FAR areas do not correlate directly with HRSA-defined rural areas, they can be considered a subset of HRSA-defined rural areas.
The RSR provider report includes the main address of the provider organization and the address of all service locations. However, due to statutory requirements, the RWHAP does not collect any personally identifiable information about a client, including a client's residential address. Therefore, this analysis defined "rural" location based on the provider organization's zip code of their main organizational address.
This rural definition does not account for provider organizations that may have a service location in other zip codes, some of which may be rural. Therefore, this rural definition likely underestimates the reach of the RWHAP in rural areas. To assess geographic location using zip code information, this analysis used a HRSA FORHP-created crosswalk of zip codes that identifies the set of non-metropolitan counties and rural census tracts that comprise rural areas as defined by HRSA.
Provider characteristics and RWHAP-funded service categories
Characteristics and funded service categories were compared between HRSA-designated rural providers and non-rural providers. Provider characteristics were self-reported by the provider organizations and included provider type (e.g., hospital or university-based clinic, publicly funded community health center, health department), ownership type (e.g., public, private), faith-based organization (yes or no), number of full-time staff, and status of Public Health Service Act Section 330 funding, in addition to RWHAP funding. Section 330 of the Public Health Service Act supports the development and operation of community health centers that provide preventive and primary healthcare services, supplemental health and support services, and environmental health services to medically underserved areas and populations. Many Public Health Service Act Section 330 organizations are Health Centers funded by the HRSA Bureau of Primary Health Care; however, Health Center "Look-Alikes" and Rural Health Clinics do not receive Section 330 funding. Based on data submitted to the RSR, we calculated the number of clients served by the provider (categorized for analysis as 1-99, 100-199, 200-299, 300-399, 400-499, and �500 clients).
RWHAP providers can be funded to provide any of the 13 core medical services (e.g., outpatient ambulatory health services, medical case management, oral health care, substance abuse, outpatient care) or 17 support services (e.g., medical transportation, residential substance abuse services, short-term housing) as described in the RWHAP statute [30] . At least 75% of all program funds must be spent on any of the 13 core medical services, while up to the remaining 25% of program funds can be used for any of the 17 support service categories; RWHAP recipients can apply for a waiver to this requirement. Core medical services are consistent with clinical and professional standards, including the Health and Human Services' Clinical Guidelines for the Treatment of HIV. Support services are intended to support and improve the medical outcomes of PLWH. Services delivered by RWHAP recipients and subrecipients are grounded in evidence-based interventions, evidence-informed interventions, or emerging strategies. For this analysis, we examined the number of service categories for which providers were funded, whether they were funded for core medical services, support services, or both core medical and support services, and the specific service categories for which they were funded.
Client characteristics and clinical outcomes
We compared the demographic characteristics of RWHAP clients who accessed RWHAP services in rural areas, non-rural areas, or both rural and non-rural areas. Client characteristics included in the analysis were age, race/ethnicity (e.g., Black/African American, Hispanic/ Latino, White), gender (i.e., male, female, transgender), household income as a percentage of the federal poverty level (FPL), health care coverage (e.g., private employer, private individual, Medicare, Medicare, no coverage), and housing status (i.e., stable, temporary, unstable). Transmission risk categories were classified based on a gender-stratified, hierarchical categorization adapted from the Centers for Disease Control and Prevention's (CDC's) National HIV Surveillance System definitions for transmission categories [31] . Based on service use indicated in the RSR, we also assessed the number of RWHAP providers that clients visited.
The HIV clinical outcomes assessed in this analysis were retention in care and viral suppression. Retention in HIV medical care was defined as PLWH who had at least 2 outpatient ambulatory health service (OAHS) visit dates that were at least 90 days apart in 2017, with the first visit occurring before September 1. Viral suppression was defined as the most recent reported HIV RNA test result of <200 copies/mL.
Statistical analysis
For provider-level analyses, we assessed the number and percent of RWHAP who met the HRSA definition of rural, overall and stratified by HHS region [32] . To demonstrate the reach of the RWHAP, we conducted a sub-analysis identifying metro-rural providers and providers in frontier and remote areas. This descriptive analysis of the RWHAP's reach in rural areas was replicated specifically among RWHAP providers funded for outpatient ambulatory health services (i.e. HIV medical care). Additionally, we descriptively compared the characteristics and funded service categories for rural and non-rural providers.
For the client-level analysis, we classified clients as "visited only rural providers," "visited only non-rural providers," or "visited rural and non-rural providers" based on their patterns of service use within the RWHAP. We descriptively compared the demographic characteristics of these client categories, as well as retention in HIV care and viral suppression.
Results
Distribution of RWHAP providers in rural areas
In 2017, among the 2,113 providers funded for any service category by the RWHAP, 6.2% (n = 132) were located in HRSA-designated rural areas (Table 1 ). Only 0.1% (n = 2) of RWHAP providers were classified as "metro-rural" and 1.6% (n = 34) were in frontier and remote areas. Among 922 RWHAP providers funded to deliver OAHS, 7.6% (n = 70) were in rural areas, with 0.2% (n = 2) in metro-rural areas and 2.0% (n = 18) in frontier and remote areas.
The distribution of rural RWHAPs providers varied by geography ( Fig 1) . Over half of states/territories had a provider that was in a rural area (n = 31/54, 57.4%). Among states with rural providers, the proportion of rural providers within the state ranged from a low of 0.8% in Florida (n = 3/361 providers) to a high of 92.0% in New Hampshire (n = 23/25 providers). Five states had more than one-quarter of their providers located in rural areas: Kentucky (33.3%) Montana (70.0%), South Dakota (75.0%), Maine (87.5%), and New Hampshire (92.0%). The number and percentage of rural providers for all states and territories are available in S1 Table.
Characteristics and funded services of rural and non-rural RWHAP providers
Among RWHAP providers in rural areas, nearly one-third (30.8%) were health department providers, followed by publicly funded community health centers (15.0%), and hospital or university based organizations (10.8%; Table 2 ). Among RWHAP providers in non-rural areas, 19.8% were hospital or university based organizations, followed by publicly funded community health centers (13.5%) and health department providers (13.1%). A greater proportion of RWHAP providers in rural areas were publicly funded community mental health centers than non-rural providers (3.3% and 0.4%, respectively). However, only 1.7% of rural providers were substance use disorder treatment centers, compared with 2.4% of non-rural providers.
Nearly 90% of RWHAP providers in both rural and non-rural areas received Public Health Service Act Section 330 funding (87.9% and 88.6%, respectively). Over one-third of RWHAP provider organizations in rural areas were publicly owned (36.7%), compared to only 25.5% of provider organizations in non-rural areas. Over half of RWHAP provider organizations in rural areas were owned by a private, non-profit organization (55.8%), compared to 67.5% of provider organizations in rural areas. 
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The Overall, RWHAP providers located in rural areas were funded to deliver a greater number of service categories per site than non-rural providers (44.7% funded for �5 services vs. 34.1% funded for �5 services, respectively; Table 3 ). Whereas 11.0% of non-rural providers were funded only for support services, 2.3% of rural providers were funded for support services only. Compared to non-rural providers, a greater proportion of rural providers were funded for oral health care ( 
RWHAP clients visiting rural and non-rural providers
Of the 534,802 RWHAP clients who visited a provider in 2017, 12,414 (2.3%) visited only rural providers, 517,877 (96.8%) visited only non-rural providers, and 4,511 (0.8%) visited both rural and non-rural providers ( Table 4 ). Clients who visited only rural providers were slightly older (61.1% were 45 years of age or older) than clients who visited non-rural or visited both types of providers (57.8% and 57.9% were 45 years of age or older, respectively). Table. https://doi.org/10.1371/journal.pone.0230121.g001
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The HRSA Ryan White HIV/AIDS Program in Rural America Approximately 40% of clients who visited only rural providers were White, compared with 25.8% of clients who visited only non-rural providers and 34.7% of clients who visited both rural and non-rural providers. The gender and transmission risk category distributions were similar for clients who visited rural, non-rural, and a mixture of providers. 
The HRSA Ryan White HIV/AIDS Program in Rural America
Nearly two-thirds (65.7%) of RWHAP clients who visited both rural and non-rural providers had a household income at or below 100% FPL, whereas 51.7% of clients who visited only rural providers and 58.1% of clients who visited only non-rural providers were at or below 100% FPL. Overall, the most common health care coverage type among RWHAP clients 
The HRSA Ryan White HIV/AIDS Program in Rural America 
The HRSA Ryan White HIV/AIDS Program in Rural America seeking care from rural, non-rural, and both rural and non-rural providers was Medicaid (19.9%; 33%; and 18.6%, respectively). Clients who visited both rural and non-rural providers were more likely to lack health care coverage (27.0%) than clients who visited only rural or only non-rural providers (18.0% and 20.2%, respectively). Clients who visited providers in non-rural areas had slightly lower levels of stable housing (81.4%) than clients who visited providers in rural areas (85.8%) or clients who visited providers in both rural and non-rural areas (83.8%).
Retention in care and viral suppression among RWHAP clients
RWHAP clients who visited only rural providers had slightly higher rates of retention in care (82.9%, n = 6,246/7,536) than clients who visited non-rural providers (80.8%, n = 266,937/ 330,356) or clients who visited both rural and non-rural providers (81.4%, n = 2,993/3,678; Table 5 ). The proportion of RWHAP clients reaching viral suppression was consistent, regardless of where RWHAP clients accessed RWHAP services. Among clients who visited only rural providers, 85.5% (n = 6,718/7,855) reached viral suppression, compared to 85.9% (n = 296,132/344,726) of clients who visited only non-rural clients and 85.9% (n = 3,261/ 3,796) of clients who visited both rural and non-rural RWHAP providers.
Discussion
Of the more than 2,000 provider organizations funded by the RWHAP in 2017, approximately 6% of them were located in rural areas of the United States. Rural providers were funded to deliver more RWHAP service categories than non-rural providers, especially medical and support services such as oral health care and case management, and 87.9% were dually funded by Section 330 of the Public Health Service Act. This suggests that the RWHAP in rural areas not only acts as a critical component of the HIV healthcare delivery system, but also has the potential to leverage resources and expertise of the federal Health Center Program. Although 5.9% of diagnosed PLWH live in rural areas of the United States, fewer than 4% of RWHAP clients visited rural providers: 2.3% visited only rural providers and 0.8% visited both rural and non-rural providers [8] . PLWH living in rural areas who do not access services from rural providers may not be engaged in care, or may access services from non-rural providers. The demographic characteristics of RWHAP clients who visited only rural RWHAP providers were similar to the overall demographic profile of Americans living in rural areas of the United States-compared with RWHAP clients who visited only non-rural providers, they were older, less likely to be a member of a racial or ethnic minority, and more likely to be living below the federal poverty level. The identification of these sociodemographic differences may Retention in care was based on data for PLWH who had at least 1 outpatient ambulatory health services visit by September 1 of the measurement year, with a second visit at least 90 days after.
Viral suppression was based on data for PLWH who had at least 1 outpatient ambulatory health services visit during the measurement year and whose most recent viral load test result was <200 copies/mL. https://doi.org/10.1371/journal.pone.0230121.t005
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The HRSA Ryan White HIV/AIDS Program in Rural America inform initiatives designed for certain key populations, such as initiatives to meet the needs of older PLWH who access care in rural areas.
Although previous studies have shown that rural PLWH experience a multitude of barriers to accessing and remaining engaged in HIV care, only some studies found an association between rurality and HIV clinical outcomes [12-15, 33, 34] . Within the RWHAP, these barriers do not appear to negatively impact the HIV clinical outcomes of RWHAP clients. That is, rates of retention in HIV care and viral suppression among RWHAP clients visiting rural providers were comparable to the 97% of clients who visited only non-rural providers. While this may be indicative of the strength of the RWHAP comprehensive system of care, it may also be due to the role of confounding by demographic characteristics such as age. For example, RWHAP clients who visited only rural providers were older than clients who visited only nonrural providers, and older PLWH are more likely to reach viral suppression than younger PLWH [20, 35] .
Although RWHAP clients who accessed care in rural areas experienced comparable retention in care and viral suppression to RWHAP clients who accessed care in non-rural areas, this analysis does not address the barriers that rural PLWH may face before they successfully and routinely engage in the healthcare system. Rural PLWH are more likely to delay HIV testing and receive an HIV diagnosis at later disease stages than their non-rural counterparts [10] [11] [12] [13] . PLWH who are unaware of their infection account for 38% of all HIV transmissions; those aware of their infection but not in care account for another 42% of all HIV transmissions [19] . Therefore, while this analysis demonstrated that nearly all PLWH accessing care from rural RWHAP are retained in care and reached viral suppression, lack of access to HIV testing services or linkage to HIV care services for newly diagnosed PLWH in rural areas could contribute to continued HIV transmission within rural areas.
RWHAP clients were classified based on their patterns of rural and non-rural service utilization, which may or may not reflect a client's residence in a rural or non-rural area. However, service utilization patterns offer important insight into how the RWHAP meets the needs of clients in rural and non-rural areas. PLWH residing in rural areas face decisions about where to access their HIV medical care and support services. Evidence suggests that almost threequarters of PLWH residing in rural areas access healthcare in non-rural areas [21] . Underpinning the decision process of PLWH regarding where they access their HIV medical care and support services are structural barriers like transportation and long distances to care, provider discrimination and stigma, concerns about confidentiality, and lack of health care coverage [9] . Rural areas of the United States may lack extensive public transit systems, which could create barriers to healthcare for individuals who may not have access to or may not be able to afford a private vehicle. Nearly 40% of RWHAP providers in rural areas were funded for medical transportation services, which specifically address this issue. Additionally, societal barriers such as stigma and risks to confidentiality in smaller communities could lead PLWH residing in rural areas to seek care outside of their immediate rural community [9, 36, 37] . Those who experience perceived or real HIV-related stigma and discrimination who do not have the means, transportation, time, or childcare to travel to non-rural areas may fall out of HIV care.
Provider organizations may have multiple locations where they deliver services, some of which may be located in rural areas. However, in this analysis, they would be classified as rural only if their primary address was located in an HRSA-defined rural area. Although the RSR does collect information on where provider organizations deliver services, provider characteristics and patterns of client service use are only collected based on the main provider address. Additionally, organizations not funded by the RWHAP also deliver medical care and support services to PLWH. Therefore, while not captured in this analysis, the RWHAP and broader HIV system of care likely has a larger presence in rural areas than estimated in this analysis.
With the rise of opioid use and associated HIV and HCV outbreaks, identifying the presence of the RWHAP's comprehensive system of care is crucial to preparing and responding to the intersecting epidemics of opioids and infectious diseases. Within the RWHAP, substance abuse services, case management, and mental health services are especially key to addressing the opioid crisis among PLWH. RWHAP grant recipients select the service categories that they will fund based on local needs and epidemiologic trends, including outbreak response, local infrastructure, and other health care payors. Over one-third of rural RWHAP providers were funded to deliver mental health services, over 10% were funded to deliver substance abuse services, and the majority were funded to deliver case management services. With its presence in rural areas, the RWHAP is well positioned to respond to the needs of these emerging, opioidimpacted communities.
Developing economically viable service delivery programs in rural communities is difficult due to low population density and a lower HIV prevalence than non-rural areas. The RWHAP invests in the identification of new methods and approaches, as well as the expansion of existing approaches, to ensure that PLWH in rural areas have access to high quality HIV care and treatment, including telehealth technology using the Extension for Community Healthcare outcomes (ECHO) collaborative model [38] . The RWHAP's AIDS Education and Training Centers (AETCs) coordinate the AETC Telehealth Training Centers Program, support multiple ECHO projects, and coordinate a Rural Health Committee, focused specifically on increasing access to HIV care in rural areas [39] [40] [41] [42] [43] . In addition to the efforts of the RWHAP, the special healthcare provider designations provide primary care in rural areas and allow organizations access to enhanced payments under Medicare and Medicaid, such as the Essential Community Providers designation, the Rural Health Clinic designation, and the federallyfunded Health Center designation [3] . HRSA's FORHP also supports the Rural Health Information Hub, which offers a library of resources; many of these resources specifically focus on HIV in rural areas, including the "Rural HIV/AIDS Prevention Toolkit" [44] .
RWHAP providers are a crucial component of HIV care delivery in the rural United States. Despite evidence of significant barriers to engagement in care for rural PLWH, RWHAP clients who visited rural providers were just as likely to be retained in care and virally suppressed as their counterparts who visited non-rural providers. The RWHAP, especially in partnership with Rural Health Clinics and federally-funded Health Centers, has the infrastructure and expertise necessary to address the HIV epidemic in rural America. 
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